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TîXTURE AND MINERALOGY 
OF OREGON BEACH SAND
Rodney H. McKay 
ABSTRACT
Beach sand along the n o rthern  Oregon co as t can be d if f e r e n t ia te d  
te x tu r a l ly  and m inéralogiea l ly  from beach sand along the southern 
Oregon c o a s t. The boundary i s  a t  approxim ately Cape Blanco. North o f 
Cape Blanco the  beach sand i s  f in e -g ra in e d , very w ell so r te d , subangu- 
l a r ,  p o s i t iv e ly  skewed, le p to k u r tic  to  m esokurtic and m in e ra lo g ica lly  
impure a rk o se . Beach sand south of Cape Blanco i s  medium to  coarse 
g ra ined , subangular to  subround, m oderately so r te d , n eg a tiv e ly  skewed, 
p la ty k u r t ic  to  m esokurtic and m in e ra lo g ica lly  fe ld sp a th ic  graywacke. 
N orthern beach sand i s  derived  from the T e r tia ry  sedim entary rocks and 
Q uaternary sands of the  Coast Range Mountains and i s  th e re fo re  second 
or th i r d  cy c le . Southern beach sand i s  derived  from th e  Mesozoic 
sedim entary , m etasedim entary, and igneous rocks o f th e  Klamath Moun­
ta in s  and i s  th e re fo re  f i r s t  cyc le .
There i s  a te x tu ra l  and m inéralogie t r a n s i t io n  zone between 
n o rth ern  and southern beach sand. The t r a n s i t io n  zone l i e s  south o f 
the l i th o lo g ie  boundary between T e r tia ry  and Mesozoic rocks because the 
n e t d ire c tio n  of l i t t o r a l  d r i f t  i s  southward.
Beach and dune sands were d if fe re n t ia te d  by an a ly s is  of cum ulative 
cu rves , and c o p lo ttin g  and standard d ev ia tio n  of s t a t i s t i c a l  param eters.
i i
Quartz p e tro lo g y  of T e r tia ry  and Mesozoic sandstones and beach 
sand in d ic a te s  th a t  the Mesozoic rocks of the  Klamath Mountains were 
not a major source f o r  the T e r tia ry  sedim entary rocks of th e  Coast Range 
M ountains. F eldspar p e tro lo g y  s u b s ta n tia te s  th i s  conclusion . The 
f re s h  angu lar cond ition  of fe ld sp a r  in  the  sand shows th a t  in  regions of 
high r e l i e f  fe ld sp a r  i s  p reserved even though a warm humid clim ate p re ­
v a i ls  .
An u n stab le  s u i te  of d e t r i t a l  heavy m inerals i s  p re se n t in  both 
n o rth e rn  and southern  beach sand*
i i i
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INTRODUCTION
The Oregon co a s t o f fe rs  an a rea  to  study beach sand where two 
d i f f e r e n t  sedim ent sources l i e  in  c lo se  proxim ity* One source i s  the 
Coast Range M ountains which a re  composed of T e r tia ry  sedim entary and 
volcan ic  ro ck s. These mountains form approxim ately the n o rthern  two 
th i rd s  of th e  c o a s ta l area* The o th e r source i s  the  Klamath Mountains 
which are made up of Mesozoic sedim entary, m etasedim entary, igneous 
and metamorphic rocks* These mountains form approxim ately the southern 
th i r d  of th e  c o a s ta l area* The two sources are r e f le c te d  te x tu ra l ly  as 
w ell as m in e ra lo g ica lly  in  the ad jacen t beaches. The te x tu ra l  and min­
é ra lo g ie  boundary between n o rthern  and southern  beach sands occurs a t  
approxim ately Cape Blanco* (F ig . 1)* Beaches along the  no rthern  co ast 
a re  g en e ra lly  long and separa ted  by la rg e  headlands of vo lcan ic  rock. 
The no rth ern  beach sand i s  f in e -g ra in e d , te x tu ra l ly  mature impure 
arkose (Fo lk , 1961, p* 111)* Southern beaches are  g en e ra lly  s h o r te r  
and separa ted  by headlands of m etasedim entary rock* Southern beach 
sand i s  medium to  coarse g ra ined , te x tu ra l ly  submature fe ld sp a th ic  
graywacke.
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F igure 1 . Index Map
F ie ld  and L aboratory  Procedures
Samples were c o lle c te d  from e igh teen  beaches along the Oregon 
co as t ranging  from Stevens Beach on th e  n o rth  to  H arris  Beach on th e  
south . (Fig* 1 ) .  Five dune a reas  and fo u r Q uaternary te r ra c e  d ep o sits  
were a lso  sampled. A ll beach samples were c o lle c te d  from th e  in t e r t i d a l  
zone a t  low t id e .  Samples s ix  to  e ig h t inches deep were taken from 
tra v e rse s  normal to  the s tran d  l in e  a t  approxim ately te n -fo o t in te rv a ls  
(F ig . 2 ) . Samples from each tra v e rse  were combined to  form a channel 
sample th a t  i s  c h a ra c te r is t ic  of the  sand across th e  in t e r t i d a l  zone. 
Three o r fo u r channel sam ples, a t  7?0 -foo t in te rv a ls  along the  beach 
were taken from s ix  of th e  seven southern  beaches. The th ree  o r fo u r 
channel samples from each southern  beach w i l l  h e re a f te r  be re fe r re d  to  
as a s e t ,  and channel samples in  each s e t  a re  numbered beginning a t  the 
southernm ost sample. One channel sample was taken from each northern
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F igure  2. Method of lo c a tin g  beach samples
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beach. D'unes were sampled on leeward and windward s id e s  as w ell as 
r e p re s e n ta tiv e ly . The top two to  s ix  inches of sand was taken fo r  
each sample. Q uaternary outcrops were f i r s t  scraped to  in su re  a f re sh  
su rface  and then  sampled to  the  depth of an inch or two.
S ize analyses were made on a l l  samples w ith  a Ro-Tap machine
using an in te rv a l  of over a t o t a l  range of - .$ 0  to  R esu lts
from each a n a ly s is  were p lo tte d  on p ro b a b il i ty  paper and s t a t i s t i c a l  
param eters were computed. S ize f ra c tio n s  from 0^ to  2.Ç(2f were separate* 
ly  re ta in e d  from th e  southernm ost, or f i r s t ,  sample of each of the s ix  
southern s e t s .  Each of th ese  p h i-s iz e  samples was impregnated w ith 
C a s to li te  l iq u id  ca s tin g  p la s t i c  and th in -s e c tio n s  were p repared . The 
s iz e  f r a c t io n  from each a d d itio n a l southern  sample was impregnated 
and sec tio n ed . Unsieved aggregate comparison se c tio n s  were prepared 
from each southern  sample and from f iv e  beach samples along the n o rth  
c o a s t. One hundred g ra in s  were counted in  sec tio n s  of each p h i-s iz e  
and th ree  hundred g ra in s  were counted in  each aggregate s e c tio n .
Thin se c tio n s  of rocks in  the  headlands ad jo in in g  southern  
beaches and T e r tia ry  sandstones c lo se  to  the  Klamath Mountains were 
analysed .
Heavy m ineral sep a ra tio n s  were done on the  30 u n i t  of th e  f i r s t
sample from each of the sou thern  beaches and sill of the no rthern  beach
sam ples. Major heavy m ineral species were id e n t i f ie d  b u t g ra in  counts 
were not attem pted .
E xplanation  of S t a t i s t i c a l  Param eters
S t a t i s t i c a l  param eters used in  th i s  th e s is  a re  taken  from Folk
?
(1961, pp. UU-U7) and from Folk and Ward (19?7).
Graphic Mean (Mz)
O v era ll s iz e  i s  shown by th i s  param eter. The formula used i s  
Mz = (ph i 16 + ph i 50 + ph i 8U)/3 where phi I 6 re p re se n ts  the  phi s iz e  
corresponding to  th e  l 6th  p e r c e n t i le .  Because th ree  p o in ts  on th e
cum ulative curve a re  used in  computing graphic mean, i t  g ives a good
in d ic a t io n  of o v e ra ll s iz e .
In c lu s iv e  Graphic S tandard D eviation (Oj)
S o rtin g  of the sand i s  computed by th i s  s t a t i s t i c a l  param eter.
Because the form ula, Ôj- = (p h i 8U + phi l6 ) A  (p h i 95 + ph i 5 ) /3 ,
inc ludes 90^ of the s iz e  d is t r ib u t io n ,  i t  gives a very good measure of 
o v e ra ll s o r t in g .
In c lu s iv e  Graphic Skewness (Skj)
Skewness measurements in d ic a te  the  presence o r absence of 
m a te r ia l a t  the  ends of the s iz e  d is t r ib u t io n ,  in  o th er words, whether
or no t the sample has a f in e  or coarse " t a i l " . Coarse " ta i l s "  give
negative  skewness and f in e  " ta i l s "  give p o s it iv e  skewness. Sym etrical 
curves have skewness values a t  o r near 0 . Skewness i s  given by the 
form ula:
(ph i 16 + ph i 8U -  2 phi 50)/2  (p h i 8U -  phi I 6 ) +
(p h i 5 + p h i 93 -  2 ph i $0)/2  (p h i 95 -  ph i 5)
K urto sis  (Kq)
In  normal p ro b a b il i ty  curves th e  d is tan ce  on th e  ab sc issa  be­
tween th e  ph i 5 and ph i 95 p o in ts  i s  2.UU tim es the d is tan ce  between 
th e  p h i 25 and phi 75 p o in ts . K urto sis  i s  a measure of th e  d ev ia tio n
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from th i s  id e a l  s i tu a t io n .  I f  a curve i s  excess iv e ly  peaked, then the  
spread between ph i 25 and phi 75 w il l  be le s s  than normal and th e  kur­
to s is  value w ill  be g re a te r  than  1. Normal curves have k u r to s is  equal 
to  1 . I f  a curve i s  broadened or f la t te n e d  then th e  k u r to s is  value w il l  
be le s s  than  1 . The form ula Kq = (p h i 95 “ ph i 5)2oUU (phi 75 ~ ph i 25) 
give k u r to s is  v a lu es . Folk and Ward (1957) used th e  term ,
Kq = ^ 9  the  norm alized k u r to s is  fu n c tio n  f o r  s t a t i s t i c a l
m anipulation  o f k u r to s is  v a lu es . This norm alized fu n c tio n  i s  used h e re .
G eneral Geology of Western Oregon
In  d esc rib in g  th e  genera l geology of w estern Oregon, only those 
form ations which crop out w ith in  a m ile of the co ast w i l l  be d iscussed . 
P étrograph ie  d e sc rip tio n s  of the  T e r tia ry , Tyee and Coaledo sandstones 
and th e  Mesozoic Dothan, Days Creek and Riddle Formations are  included 
in  the  se c tio n  on petrography. A ll in form ation  in  th is  se c tio n  has 
been taken from Baldwin (1959) and from the Geologic Map of W estern 
Oregon ( I 96I ) ,
Coast Range
T e r tia ry  sandstones, s i l t s to n e s  and vo lcan ic  rocks comprise most 
of th e  Coast Range M ountains, which form a broad an tic lin o riu m . They 
extend from th e  Columbia R iver on the  n o rth  to  the  middle fo rk  o f  the 
C oqu ille  R iver on the south and from th e  P a c if ic  Ocean on the  w est to  
the  W illam ette V alley  on the e a s t  (F ig , 1 ) .  In  general th e  sediments 
are  tu ffa ce o u s , micaceous and fe ld s p a th ic  sandstones and vo lcan ic  ba­
s a l t s .  Large headlands along the n o rthern  co ast a re  composed of 
b a s a l t s .  Marine te r ra c e s  are  w ell developed in  p la c e s . A narrow
7
c o a s ta l  p la in  sep ara te s  the co ast from th e  m ountains. Dunes are  b e s t 
developed on th e  p la in s  from th e  mouth of the Columbia R iver to  Seaside 
and from F lorence to Coos Bay.
I t  may be sa id  th a t  the  backbone of th e  Coast Range i s  the Tyee
sandstone of middle Eocene age. This form ation i s  composed of rhythm i­
c a l ly  bedded micaceous sandstone and s i l t s to n e .  Baldwin (19$9, p . 23) 
s ta te s  th a t  in d iv id u a l rhythm ites th icken  and become san d ie r  to  the 
sou th , which in d ic a te s  a source to  th e  sou th . P la n t remains are d is ­
sem inated throughout the  Tyee suggesting  a b rack ish  or near shore 
environment.
The upper Eocene Coaledo sandstone crops out in  prom inent c l i f f s  
south  of Coos Bay. For th e  most p a r t  i t  i s  a medium to  coarse grained 
sandstone w ith in te rc o la te d  f in e r  grained  beds. Most of th e  co a l found 
in  th e  Coast Range occurs in  th is  fo rm ation . Baldwin (19?9, p . 23) 
found la rg e  amounts of b a s a l t i c  rock fragm ents in  the form ation .
Middle Miocene sedim ents known as th e  A sto ria  form ation crop out
along the coast from Tillamook Head to  N eta rts  Bay. They c o n s is t  of
f in e  to  medium grained  fe ld s p a th ic  and tu ffaceous sandstone. In  p laces  
the form ation  i s  conglom eratic and crossbedded.
Klamath Mountains
South of the Coast Range in  southw estern Oregon and northw estern  
C a lifo rn ia  l i e  the Klamath M ountains. This i s  a reg ion  of sedim entary, 
m etasedim entary, v o lcan ic , m etavolcanic and in tru s iv e  igneous ro ck s.
The p re -T e r t ia ry  s t r a t a  are  fo ld ed , fa u lte d  and in  p laces in tru d ed  by 
s i l i c i c  to  u l tr a b a s ic  igneous ro c k s . A narrow c o a s ta l p la in  se p a ra te s  
the  ocean from th e  m ountains. Late Cenozoic u p l i f t  caused th e  r iv e r s
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to  c u t deep canyons in to  th e  Mesozoic and P aleozoic s t r a t a .
The l a t e  Ju ra s s ic  Dothan Formation crops out along the c o a s t in  
th e  southw estern co rner of Oregon. I t  i s  predom inantly a medium-grained 
w e ll-in d u ra ted  muddy sandstone and s i l t s to n e  which lo c a l ly  d isp lay s  a 
s la ty  c leavage. In te rc o la te d  vo lcan ic  ro ck s, conglomerate and c h e rt 
a re  a lso  p re se n t.
From Cape F e rre lo  no rth  to  approxim ately Deer P o in t and from Gold 
Beach north  to  S is te r s  Rocks the l a te  Ju ra ss ic  R iddle Formation crops 
ou t along the  c o a s t. I t  i s  composed of s i l t s to n e  w ith  minor th in  beds 
of w e ll-in d u ra ted  carbonaceous sandstone. Chert pebble conglomerate 
and lim estone beds a re  a lso  p re se n t.
South of P o rt Orford to  S is te rs  Rocks the  e a rly  Cretaceous Days 
Creek Formation extends to  th e  ocean. In terbedded , w e ll-in d u ra ted , 
f in e -g ra in e d  sandstone and sandy s i l t s to n e  predom inate. Subordinate 
lim estone len ses  a re  a lso  p re se n t.
TEXTURES
In tro d u c tio n
Beaches along the southern  Oregon co ast c o n s is t of medium to 
coarse g ra in ed , subangular to  subround sand* th a t  i s  m oderately 
so r te d , n eg a tiv e ly  skewed and p la ty k u r t ic  to  m esokurtic (Table 1 ) .
From approxim ately Cape Blanco north  to  th e  Columbia R iver, th e  
n o rth ern  beaches are  composed of f in e  g rained , very w ell so rte d , 
subangular sand w ith  s l ig h t  to  moderate p o s it iv e  skewness and meso-
k u rtism  to  lep to k u rtism  (Table l ) .
T ex tu ra lly , southern  beach sands are  submature (Folk , I 96I ,  
p . 100)• That i s ,  they  con ta in  no c lay  s iz e  g ra in s and are only 
m oderately so r te d . N orthern beach sands are te x tu r a l ly  mature because 
they  co n ta in  no c lay  s iz e  g ra in s , a re  very w ell so rted  bu t are  s t i l l  
subangular.
A nalysis o f Cumulative Curves
Cumulative curves p lo t te d  on p ro b a b il i ty  paper give a very 
accu ra te  re p re se n ta tio n  of the  s iz e  d is t r ib u t io n  of the sand. I f  i t  
i s  assumed th a t  th e  so rtin g  e f f e c t  o f the beach environment tends to  
produce a norm ally d is t r ib u te d  sedim ent, then  the cum ulative curves of 
beach sand w il l  be s t r a ig h t  l i n e s .  T herefore , changes in  the slope of 
the  cum ulative curves in d ic a te  ab n o m ally  low or high amounts of sand
a t  those s iz e s  a sso c ia ted  w ith  the  changes in  s lo p e . F igure 3 i l l u s ­
t r a t e s  where breaks in  slope occur and whether th e  slope in c re ase s  or
10
Southern Beaches Mz Sk^ %
H arris  Beach 1.90 .52 -.2 li .53
P is to l  R iver Beach 1.32 .8U =.36 .13
Rogue R iver Beach l.h h .8$ - .2 2 .k8
Nesika Beach .93 .71 - .1 5 .50
G ull Beach 1.09 o75 “ »l6 .U6
Humbug Mountain 1.01 .88 *=«29 .U5
P o rt Orford l.i»7 .50 *=■.01 oh9
Cape Blanco 2.31 .32 .00 .53
Southern Dunes
Humbug Mountain 1.67 .33 —.12 o5U
Nesika Beach 1.52 •Ul .00 .50
P is to l  R iver Beach 2.03 .37 .02 .51
N orthern Beaches
Whisky Run 2.25 .29 .02 .56
Florence 1.69 .33 —oOli .55
Waldport 2.36 .32 .12 .60
Spencer Creek 1.99 .26 -.08 .50
Glenden Beach 1.53 .35 -.1 6 .51
Rockaway 1.97 .21 .19 .51
Cannon Beach 2.28 .22 .13 .55
Stevens Beach 2.22 .32 .06 .53
Columbia R iver Beach 2.08 ohl «16 .... ^  .
N orthern Dunes
F lorence 2.21 .27 .05 .53
1 Stevens Beach 2.5!t o3h .13 .U9
Table 1 . Averages of s t a t i s t i c a l  param eters from beaches
and dunes.
L ocation Mz ^ 6^ Çf Sk^ %
Humbug Mountain (South) 1 .01 .88 -.2 9 .!i5
P o rt O rford loU7 .50 - .0 1 .U9
Cape Blanco 2.31 .32 .00 .53
Whisky Run (north ) 2.2Ç .29 .02 .56
Table 2. S t a t i s t i c a l  param eters ac ross th e  t r a n s i t io n  zone 
between southern  and n o rthern  beach sands.
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decreases* In c reases  in  slope in d ic a te  ad d itio n s  to  s iz e s  involved in  
the slope  in c re ase  or su b tra c tio n s  from o th er sizes*  Decreases in  
slope in d ic a te  su b s tra c tio n s  from s iz e s  involved in  th e  slope decrease 
or a d d itio n s  to  o th e r sizes*  F igure  3 shows th a t  in  the curves of 
sou thern  beach sand, in c rease s  in  slope commonly occur a t  and 00^
A nalysis of southern  dune sand shows th a t  10 and lo^0  s iz e s  are n o t 
being a c t iv e ly  tran sp o rte d  from the beaches to  the  dunes* Therefore, 
-*5^ and 00 s iz e s  appear to  be accumulating a t  abnorm ally high r a te s  on 
the  beaches* In  genera l th e re  i s  a f la t te n in g  of southern beach sand 
curves from about »^0 to  1*5 or 20 in d ic a tin g  th a t  th e se  s iz e s  have nor­
mal d is trib u tu o n *  From about 1*5 to  20 to  2*5^ th e  slope of southern, 
beach sand curves in c re a se s , in d ic a t in g  th a t  th e re  i s  sand of these 
s iz e s  being added to  th e  norm ally d is t r ib u te d  beach sand* From th i s  
a n a ly s is  i t  i s  apparent th a t  southern  beach sand i s  bimodal* The 
co a rse r  mode occurs a t  -*5 to  00 and th e  more prominent f in e r  mode 
occurs a t  1*5 to  2*50* W eathering and erosion  of rocks in  the Klamath 
Mountains produces the coarse mode* Southward m igration  of northern  
beach sand, in  th e  medium s iz e  range, added to  the  norm ally d is tr ib u te d  
sou thern  beach sand of these  s iz e s  r e s u l t s  in  the f in e r  mode* Northern 
beach and dune sands show normal s iz e  d is tr ib u tio n *
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F igure  3. Breaks in  s lo p e  o f cum ulative curves* 
In c rease  """""""" Decrease t====i Normal
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S t a t i s t i c a l  Param eters
The te x tu r a l  d if fe re n c e s  between n o rth ern  and southern  beach 
sand r e s u l t  in  very  d i f f e r e n t  s t a t i s t i c a l  param eters in  the  two areas 
(Table l ) . These d if fe re n c e s  a re  po in ted  out by th e  d iffe re n ce s  in  
mean s iz e ,  graphic s tandard  d e v ia tio n , skewness and k u rto sis*
D ifferences in  mean s iz e  and standard  d ev ia tio n  can be r e la te d  
d i r e c t ly  to  the  source a re a s . Along the no rthern  Oregon c o a s t, n o rth  
of Cape Blanco, r e la t iv e ly  unindurated  T e r tia ry  rocks and Q uaternary 
sediments on the  te r ra c e s  are  e a s i ly  eroded and re a d ily  break down to  
th e  o r ig in a l  sedim entary g ra in s . T herefore , n o rthern  beach sands are  
a t  l e a s t  second cy c le . This exp la in s the  f in e r  grained and b e t te r  
so rted  fe a tu re s  of the  no rthern  beach sand* South of Gape Blanco the 
w ell in d u ra ted  Mesozoic sedim entary, m etasedim entary and igneous rocks 
of the Klamath Mountains weather to produce conso lida ted  rock fragments, 
These f i r s t  cycle g ra in s  produce co a rse r and more poorly  so rted  beach 
sand than  do the second and th i r d  cycle g ra in s of the no rthern  beaches. 
This exp lanation  i s  supported by the d iffe re n ce s  in  m ineralogy which 
w il l  be d iscussed  in  a l a t e r  s e c tio n .
D iffe rences in  skewness between n o rth e rn  and southern beach sand 
are  marked. Southern beach sand d isp lay s marked negative skewness, 
w hile n o rthern  beach sand i s  s l ig h t ly  to  m oderately p o s i t iv e ly  skewed. 
Folk and Mason (1958, p . 223) proposed th a t  skewness r e s u l t s  from 
ad d itio n s  to  o r su b tra c tio n s  from an o r ig in a l ly  unimodal sedim ent.
These ad d itio n s  and su b tra c tio n s  are made a t  the  co a rse r and f in e r  
ends o f the s iz e  d is t r ib u t io n .  A dditions come from secondary sources
Ill
co a rse r  or f in e r  than th e  main body of the  sedim ent. S u b trac tio n s  
r e s u l t  from changes in  h y d ro lic  cond itions a t  th e  s i t e  of d ep o s itio n  
or removal of th e  f in e r  s iz e s  by wind.
I t  may be p o ss ib le  to  exp la in  the  p o s it iv e  skewness of n o rthern  
beach sand by Folk and Mason’s th eo ry . The removal of f in e  sand from 
the beach by wind would tend to  produce a negative skewness in  th e  
beach sand. However, n o rth ern  beach sands are p o s i t iv e ly  skewed. 
Contamination of the beach sand by th e  e a s ily  eroded te r ra c e  d ep o sits  
could no t produce a p o s it iv e  skewness because samples of the  te r ra c e  
sand in d ic a te  i t  i s  s l ig h t ly  co a rse r than  the  beach sand. Changes in  
hyd ro lic  co n d itio n s which would r e s u l t  in  the removal o f th e  coarser 
sand would a lso  cause the removal o f th e  f in e r  sand. One p o s s ib i l i ty  
i s  th a t  skewness r e s u l t s  from changes in  hyd ro lic  cond itions which pro­
moted th e  d ep o sitio n  of f in e r  sand on th e  beach. Another p o s s ib i l i ty  
i s  th a t  th e  source of supply con tains a considerab le  amount of f in e  
sand which i s  ev en tu a lly  deposited  on the  beach in  la rg e  enough quan­
t i t i e s  to  produce p o s it iv e  skewness even though wind erosion  of th e  
beaches tends to  produce negative skewness. This appears to  be the 
most reasonable ex p lan atio n .
Southern beach sand d isp lay s  marked negative  skewness, no t f o r  
the  reasons suggested by Folk and Mason, b u t r a th e r  because th e  southern 
beach sand i s  bim odal. Graphic d i f f e r e n t ia t io n  of cum ulative curves 
(Crumbein and P e t t i jo h n , 1938, p . 191) and an a ly s is  of cum ulative 
curves drawn on p ro b a b il i ty  paper show th a t  two modes a re  p re se n t, 
one a t  about 00 and another a t  about 20, In  alm ost a l l  samples the 
g re a te r  mode i s  th e  f in e r  one and f o r  th i s  reason the  sand i s
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n e g a tiv e ly  skewed* Wind ero sion  of sou thern  beaches a lso  tends to  
emphasize n eg a tiv e  skewness in  th e  beach sand.
K urtosis values fo r  n o rth ern  beach sand are  a l l  above .$0 w hile 
most of k u r to s is  va lues from southern  beach sand a re  below *50* Thus 
southern  beach sand i s  p la ty k u r t ic  to  le p to k u rtic*  P la tyku rtism  in  
southern  beach sand i s  the  r e s u l t  of the  b im odality  of the  sand which 
in  tu rn  i s  r e la te d  to  th e  f a c t  th a t  southern  beach sand i s  p a r t i a l l y  
f i r s t  cy c le , Mesokurtism and lep toku rtism  in  the  no rthern  beach sand 
r e f le c ts  the  good so r tin g  and unim odality  of the  sand which are  r e la te d  
to  th e  f a c t  th a t  n o rth ern  beach sand i s  second and th i rd  cycle* There­
fo re , th e  k u r to s is  o f n o rthern  and southern beach sand i s  d i r e c t ly  
r e la te d  to  th e  source areas*
T ra n s itio n  Zone
N orthern and southern  beach sands are  sep ara ted  by a zone of 
t r a n s i t io n  which l i e s  s l ig h t ly  to  th e  south of th e  l i th o lo g ie  co n tac t 
between T e r tia ry  and Mesozoic ro ck s. I t  has been po in ted  out e a r l i e r  
in  t h i s  se c tio n  th a t  southward m igration  of n o rth ern  sand r e s u l t s  in  a 
mode being developed a t  1*5 to  2*50 in  southern beach sand. One l in e  of 
evidence to support the idea  th a t  the f in e  mode does a c tu a l ly  r e s u l t  from 
ad d itio n  of n o rth ern  sand l i e s  in  the  n e t  d ire c tio n  of l i t t o r a l  d r i f t .  
Cooper (1958, p . 20) s ta te s  th a t  the genera l regime of f a i r l y  co n s tan t, 
low v e lo c ity  winds from the  n o rth  or northw est in  summer should cause 
a n e t southward l i t t o r a l  d r i f t*  This i s  in  s p ite  of the in te rm it te n t  
h i ^  v e lo c ity  w in te r winds from th e  south or southwest* I f  th is  i s  
t r u e ,  then  cum ulative curves and s t a t i s t i c a l  param eters across th e  zone
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F igure L# Cumulative curves across the  t r a n s i t io n  zone.
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o f t r a n s i t io n  should show g rada tion  from n o rth ern  to  southern  beach 
sand. This t r a n s i t io n  should be south  of th e  l i th o lo g ie  con tact be­
tween T e r tia ry  and Mesozoic ro ck s. F igure U shows cum ulative curves 
across th e  t r a n s i t io n  zone from Humbug Mountain on the  south to  Whisky 
Run on th e  n o r th . Table 2 i l l u s t r a t e s  s t a t i s t i c a l  param eters across 
the zone. Samples from P o rt Orford and Cape Blanco, which are  in  th e  
reg ion  of sou thern  beach sand, show te x tu ra l  t r a n s i t io n  between 
northern  and southern  beach sands. M in e ra lo g ica lly , beach sands from 
Cape Blanco are  t r a n s i t io n a l .  This w il l  be d iscussed  in  the sec tio n  on 
m ineralogy.
D if fe re n tia t io n  o f Beach and Dune Sand
Cumulative curves
An a id  in  d i f f e r e n t ia t in g  beach from dune sand may be provided 
by cum ulative curves p lo t te d  on p ro b a b il i ty  paper. F igure 3 i l l u s t r a t e s  
the breaks in  slope of cum ulative curves and shows td ie ther th e re  i s  an 
in c re a se , decrease o r whether th e  d is t r ib u t io n  i s  normal. Southern 
beach sand i s  obviously  bim odal. N orthern beach sand d isp lay s  more 
normal s iz e  d is t r ib u t io n  b u t th e re  are  i r r e g u la r i t i e s  p a r t ic u la r ly  in  
the f in e r  s iz e s .  Dune sand from both northern  and southern areas shows 
good normal d is t r ib u t io n .
One c h a ra c te r i s t ic  of beach sand appears to  be the abnormal de­
crease  in  amount of sand a t  the  f in e  end of the s iz e  d is t r ib u t io n .  Both 
n o rth ern  and southern  beach sand d isp lay s  th is  f e a tu re , w hile dunes 
g en e ra lly  do n o t. A com bination of fa c to rs  i s  re sp o n sib le  f o r  th i s  
d if fe re n c e . Under th e  rig o ro u s environment of the  beach only a sm all
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amount of f in e  sand accumulates* Wind erosion  o f the beach removes 
some of th is  f in e  sand and d ep o sits  i t  in  th e  dunes, th u s emphasizing 
the  low amount o f f in e  m a te r ia l in  the beach sand* Fine s iz e s  have a 
more nom a l  d is t r ib u t io n  in  dune sand because of the  c r i t i c a l  so r tin g  
power of the  wind* The abnormal decrease in  f in e  sand on the  beaches 
and th e  more normal d is t r ib u t io n  of th i s  f in e  sand in  th e  dunes i s  the  
r e s u l t  of e ro s io n a l and d ep o s itio n a l processes of the p a r t ic u la r  en­
vironment and i s  th e re fo re  an a id  in  d i f f e r e n t ia t in g  these  environments*
C oplo tting  of s t a t i s t i c a l  param eters
P lo tt in g  of one s iz e  param eter a g a in s t ano ther was used by Folk 
and Mason (1958) to  d i f f e r e n t ia te  beach, dune and aeo lian  f l a t  environ­
ments* They concluded th a t  the p lo t  o f skewness versus k u r to s is  gave 
the b e s t  se p a ra tio n  of environments* S c a tte r  p lo ts  of the s ix  p o ss ib le  
com binations a re  shown in  F igures 5 and 6*
By c o p lo ttin g  any two param eters, n o rthern  and southern beach sands 
can be d if fe re n tia te d *  Southern dune sand and southern beach sand are 
a lso  e a s i ly  sep ara ted  by c o p lo ttin g  any two param eters* However, 
n o rth ern  dunes and n o rth ern  beaches are  no t d if f e re n t ia b le  in  any of 
the s iz e  p lo ts*  The mode of no rthern  beaches i s  s trong  and very pro­
nounced and as a r e s u l t  th e  derived  dunes are  unimodal* A pparently , 
wind e ro sio n  of the no rthern  beach sand and deposition  of th i s  sand in  
n o rthern  dunes t r a n s fe r s  the te x tu ra l  f e a tu re s  of th e  beach sand to  the  
dune sand* T herefo re , s t a t i s t i c a l  param eters of no rthern  beach and dune 
sand a re  very  s im ila r  and c o p lo ttin g  of th ese  param eters does n o t give 
good se p a ra tio n  of beach and dune sand*
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F igure  6 . Coplots o f s t a t i s t i c a l  param eters of n o rth ern  and southern 
beaches and dunes.
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Standard  d ev ia tio n  of s t a t i s t i c a l  param eters
Some in d ic a tio n  as to  environment and source m a te ria l may be 
deduced from th e  standard  d ev ia tio n  of s t a t i s t i c a l  param eters. F igure 7 
i l l u s t r a t e s  th e  standard  d ev ia tio n  of each param eter from the fou r 
a reas  of s tu d y .
Southern beaches show the  low est standard  d ev ia tio n  w ith re sp e c t 
to  mean s iz e .  This f a c t  i s  anomalous because southern  beach sand i s  
te x tu r a l ly  submature and d isp lay s  the h ig h e s t variance in  a l l  o ther 
param eters. This p e c u l ia r i ty  remains unexplained. Mean s iz e  standard  
d e v ia tio n  values f o r  th e  unimodal dune and northern  beach samples shows 
the  variance in  modes from sample to  sample. The sm aller variance in  
mean s iz e  of the  n o rth e rn  dunes r e f le c t s  th e  c r i t i c a l  so r tin g  power of 
the wind and emphasizes the  unim odality  of th e  source. However, 
sou thern  dune samples show the h ig h e s t standard  d ev ia tio n  w ith  re sp e c t 
to  mean s iz e .  Southern dune sand does not r e f l e c t  the b im odality  of 
sou thern  beach sand b u t ra th e r  i s  unimodal as a r e s u l t  of wind erosion  
of th e  southern  beaches. The wind erodes a wide range of sand s iz e s  
from southern  beaches and d ep o s its  a l l  s iz e s  in  th e  dunes, thus causing 
the  dunes to  have a la rg e  variance  in  mean s iz e  from p lace to  p la ce .
S tandard d ev ia tio n  of graphic standard  d ev ia tio n , a measure of 
s o r t in g , d i f f e r e n t ia te s  beach sand from dune sand. Wind e ro sio n  of 
beach sand and d ep o sitio n  of th is  sand in  dunes produces a b e t te r  
so r te d  dune sand w ith low variance in  so r tin g  v a lu es . N orthern dune 
sand has a mean so r tin g  value very s im ila r  to  northern  beach sand b u t 
has a sm a lle r standard  d e v ia tio n . This i s  a r e f le c t io n  of the  c r i t i c a l
22
s o r tin g  power of the  wind. The s o r tin g  e f f e c t  of th e  wind w ith  re sp e c t 
to  sou thern  beach and dune sand i s  marked because the  beach sand de­
v ia te s  so markedly from normal d is trib u tio n ®
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F igure  7- S tandard d ev ia tio n  of s t a t i s t i c a l  param eters. One 
standard  d ev ia tio n  p lo tte d  on e i th e r  s id e  of th e  
a r ith m e tic  mean.
S tandard d ev ia tio n  of southern  beach skewness in d ic a te s  the 
f lu c tu a t io n  in  r e la t iv e  amount of the  modes. That is^  i f  the  f in e  mode 
decreases a more negative  skewness should r e s u l t  and v ice  versa®
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N orthern and southern  dunes show a narrow er standard  d ev ia tio n  in  
skewness values than  do n o rthern  and southern  beaches. In  both cases 
wind e ro sio n  of th e  beaches and d ep o s itio n  in  the  dunes leaves the 
co a rse r  m a te r ia l on th e  beaches, thus skewness of dune sand i s  more 
norm al.
S tandard d ev ia tio n  of k u r to s is  values fo r  southern beaches and 
dunes show e s s e n t ia l ly  th e  same fe a tu re s  as the  o th e r param eters. The 
wind leaves th e  co a rse r mode on the beach and produces a norm ally d i s ­
t r ib u te d  dune sand* In  th e  no rth ern  beach and dune sand, wind erosion  
seems to  e lim in a te  the  le p to k u r t ic  ch a ra c te r  of the sand as i t  moves 
from th e  beach to  th e  dune environm ent.
Conclusions based on averages
Some g e n e ra liz a tio n s  concerning the  e f f e c t  of wind erosion  of 
beach sand and i t s  even tual d ep o s itio n  in  the  dune environment can be 
made. B im odality appears to  be l o s t  because of th e  so rtin g  e f f e c t  of 
the wind. There i s  a decrease in  mean s iz e  from beach to  dune environ- 
ment. Narrower skewness l im its  e x is t  in  the dune environm ent. There 
i s  a tendency to  e lim in a te  nega tive  skewness in  th e  dune environment 
p a r t ic u la r ly  i f  th e  source beach shows high negative skewness. Meso- 
kurtism  seems to  be g en e ra lly  c h a ra c te r is t ic  of the dune environment 
because th e  tendency of wind erosion  of beaches appears to  be to  n o r­
m alize th e  s iz e  d is t r ib u t io n  in  th e  r e s u l t in g  dunes.
S p ec ific  beach-dune p a irs
The foregoing  conclusions are  based on o v e ra ll averages of s t a ­
t i s t i c a l  param eters. I f  they  are v a lid  then  they should hold f o r
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Figure 8* Coplots o f averaged s t a t i s t i c a l  param eters of beach-dime 
p a i r s .  Arrows in d ic a te  d ire c tio n  from beach to  dune*
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s p e c if ic  ca se s . F igure 8 i l l u s t r a t e s  th e  change in  each param eter when 
sand i s  blown from beach to  dune in  sp e c if ic  beach-dune pairs*  In  each 
case wind e ro sio n  of the  beaches and d ep o sitio n  in  the dunes r e s u l ts  in  
a f i n e r  g rained  dune sand* As expected, comparisons of southern beaches 
and dunes show th e  g re a te s t  change from coarse to  f in e  grains*
Graphic standard  d ev ia tio n  values decrease from beach to dune 
sands everywhere bu t a t  Stevens Beach, where the  dunes are  s ta b il iz e d  
by t r e e s  and g ra s se s . As po in ted  out by Folk and Mason (1959, p . 225) 
f in e  g ra ined  sedim ents blown onto the  dunes are probably trapped by the 
v eg e ta tio n  and decrease the  e f f e c t  of wind s o r t in g . Sediments from the 
s ta b i l iz e d  dunes a re  much f in e r  grained than  those of any o ther dunes 
and seem to  v a lid a te  the  theory .
Skewness values show a p o s it iv e  tren d  from beach to  dune, 
probably  because f in e r  m a te r ia l i s  concentrated  in  th e  dunes by the 
wind. There i s  a l im it  to  the amount of f in e  m a te r ia l av a ila b le  f o r  
tra n s p o r t from beach to  dune because of the rigo rous beach environment* 
The tren d  of k u r to s is  values seems to be toward mesokurtism* 
Southern beaches are  p la ty k u r t ic  while southern  dunes are  mesokurtic* 
N orthern beach-dune p a irs  show a tren d  from lep to k u rtism  to  mesokurtism 
from beach to  dune. One might expect the wind to  produce b e t te r  s o r t ­
in g , emphasize th e  modes and cause the  dune sand curves to  become 
le p to k u r t ic .  This does n o t appear to  happen perhaps because th e  d i s ­
tr ib u t io n  of sand on the beach, in  the s iz e s  which wind w il l  tr a n s p o r t ,  
i s  more normal than  the  o v e ra ll d is t r ib u t io n  o f the  beach sand* Kur­
to s i s  v a lu es re c a lc u la te d  from curves using beach sand of the  same s iz e  
range as dune sand are  in co n c lu s iv e . Perhaps the  r e a l  answer i s  th a t
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F igure 9* Frequency curves of beach-dune p a irs
the  tre n d  only appears to  be toward mesokurtisrio The th re e  southern  
beach-dune p a ir s  do d isp la y  a tren d  toward mesokurtism in  moving from 
beach to  dune* However, th e  reason probably  i s  no t because of a genera l 
ru le  b u t r a th e r  because of a v a i la b i l i t y  of m ateria l*  I f  enough sand
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of 2*50 o r i s  p re sen t on th e  beaches, then  p la ty k u rtism  could r e s u l t .  
This f a c t  i s  exp la ined  by analyzing  F igure 9 which re p re se n ts  smoothed 
frequency d is t r ib u t io n  curves of beach-dune p a i r s ,  "Wherever th e re  i s  
15 o r 20% of the  beach sand in  the 2 , 5^  s iz e ,  a mode of th i s  s iz e  i s  
developed in  dune sand even though a mode a t  2^ i s  p re se n t on the p a r­
e n t beach. In  one case where th e re  i s  X6% 30 m a te r ia l on th e  beach
a secondary mode a t  30 i s  developed in  th e  dunes. In  o th e r words s iz e s  
sm alle r than  about 1 . 5^  are  s e le c t iv e ly  tran sp o rted  from the  beach in  
r a t io s  in v e rse ly  p ro p o rtio n a l to  s iz e  and d ir e c t ly  p ro p o rtio n a l a v a i l ­
a b i l i t y .  Therefore p la ty k u rtism , mesokurtism and lep to k u rtism  are  a l l  
p o ss ib le  i f  th e  proper p ro p o rtio n s  of proper s iz e s  are  p resen t on the  
p a ren t beach. T herefo re , source as w ell as environment of d ep o s itio n  
determ ine th e  s iz e  d is t r ib u t io n  of dune sands.
Conclusions Based on T ex tu ra l A nalysis
T ex tu ra l d iffe re n c e s  between beach sand north  and south of Cape 
Blanco a re  the  r e s u l t  of d i f f e re n t  source a re a s . N orthern beaches are  
te x tu r a l ly  more mature because they  a re  derived  from the  poorly-cem ented 
T e r tia ry  sedim entary rocks of th e  Coast Range Mountains and Q uaternary 
d e p o s its . Thus, they  have been exposed to  a t  l e a s t  two or th re e  cycles 
of ero sion  and d e p o s itio n . Southern beach sands a re  co a rse r  and te x ­
tu r a l l y  le s s  mature because they have been derived  from the h ig h ly  
in d u ra ted  Mesozoic rocks of the  Klamath M ountains. These rocks w eather 
to  produce a co a rse r beach sand which i s  predom inantly f i r s t  cy c le .
Southern beach sands are  bim odal. E rosion of Mesozoic rocks of 
the  Klamath Mountains produces a mode a t  to  00 in  southern  beach
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sands. Southward moving n o rthern  sand mixing w ith southern  sand of 
Im̂ Çf to  2 .50  s iz e s  c re a te s  a second mode in  th is  s iz e  range. P la ty ­
k u rtism , poor so r tin g  and marked negative  skewness o f southern beach 
sand a re  th e  r e s u l t  of the  b im oda lity  of th e  sand. N orthern sands are 
f in e  and d i s t in c t ly  unimodal. They are  very  w ell so r te d , le p to k u rtic  
and p o s i t iv e ly  skewed.
A te x tu ra l  t r a n s i t io n  zone between n o rthern  and southern sand 
e x is ts  and l i e s  south o f the  l i th o lo g ie  boundary between the  T e r tia ry  
and Mesozoic rocks because th e  n e t d ire c tio n  of l i t t o r a l  d r i f t  i s  
southward.
Wind erosion  of th e  beach sand and accum ulation of th i s  sand in  
the  dunes norm alizes the  d is t r ib u t io n  of the f in e  s iz e s .  There i s  an 
abnorm ally low amount of f in e  m a te r ia l in  the beach sand r e f le c te d  by 
breaks in  slope of cum ulative curves a t  the  f in e  s iz e s .  Cumulative 
curves of dune sand show no breaks in  slope in  th e  f in e r  s iz e s .
C op lo tting  of s t a t i s t i c a l  param eters r e a d i ly  separa ted  southern  
and n o rthern  beaches and show th a t ,  s t a t i s t i c a l l y ,  southern  dunes are 
t r a n s i t io n a l  between the  two. I t  i s  not p o ss ib le  to  sep ara te  n o rth ern  
beaches and dunes by th i s  method. G enera lly , dune sands are  f in e r ,  
b e t t e r  so rted  and more p o s i t iv e ly  skewed than beach sands. Mesokur­
tism  seems to  be c h a ra c te r i s t ic  of dune sand b u t p la ty k u rtism  and 
lep to k u rtism  a re  p o s s ib le .
S p ec ific  beach-dune p a i r s ,  th a t  i s  beaches and ad jacen t dunes, 
show th a t  e ro sio n  of beach sand by wind i s  s e le c t iv e .  Sands are 
eroded from the  beach, by wind, i n  amounts which are  d i r e c t ly  pro­
p o r t io n a l  to  a v a i l a b i l i ty  and in v e rse ly  p ro p o rtio n a l to  phi s iz e .
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The lower l im i t  of s iz e  in  dune sand i s  determ ined by th e  so r tin g  
e f f e c t  of waves in  th e  p a ren t beach environm ent.
MINERALOGY
In tro d u c tio n
M in e ra lo g ica lly  the southern  beach sands a re  complex^ while 
no rth ern  beach sands e x h ib it  a sim pler m ineralogy (F ig . 10 ). N orthern 
sands a re  impure arkoses and southern  sands a re  fe ld sp a th ic  graywackes 
(F ig . 11) (Folk , 1961,  p . 111). Complex sedim entary, metamorphic and 
igneous rocks in  the  Klamath Mountains produce the  complex m ineralogy 
of th e  sou thern  beaches. T e r tia ry  sedim entary and igneous rocks and 
Q uaternary te r ra c e  d ep o s its  produce th e  le s s  complex m ineralogy of the 
no rthern  beaches. I f  in  the  fu tu re  the  sediments along th e  Oregon 
co as t become l i t h i f i e d  th e  r e s u l t in g  sandstone u n i t  w il l  be an arkose 
on th e  north  and a graywacke on the sou th . No major d iffe re n c e s  e x i s t  
in  w eathering , e ro sio n  or d ep o s itio n  of the  sedim ents5 the only m ajor 
d if fe re n c e  l i e s  in  th e i r  source a re a s .
Most p re sen t workers b e liev e  th a t  the  Klamath Mountains were a 
major source a rea  fo r  th e  T e r tia ry  sediments to  the n o rth . Assuming 
th a t  sedim ents p re se n tly  being derived from th e  Klamath Mountains are  
no t decidedly  d i f f e r e n t  from those  derived  during T e r tia ry  tim e , the  
m ineralogy of T e r tia ry  sandstones should be s im ila r  to  th e  m ineralogy 
of sou thern  beach sands. S ig n if ic a n t d iffe re n ce s  in  q u artz  and f e ld ­
sp ar p e tro lo g y  a re  found when th e  m ineralogy of th e  two a reas  i s  
compared, suggesting  th a t  th e  Klamath Mountains were no t a major 
source of th e  T e r tia ry  sedim ents.
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Figure 11# Rock nomenclature t r ia n g le  ( a f te r  Folk , 1961, 
p# 111)
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F ig u re  1. P lu to n ic  Quartz F igure 2« Vein Quartz
R
F igure  3* Rec r y s ta l l iz e d  Meta­
morphic Quartz
F igure U. S ch isto se  Metamor= 
phic Quartz
F igure 5* S tre tch ed  Metamor­
phic Quartz
F igure 6* F ine-g ra ined  Meta­
morphic Rock Fragments
P la te  1* Photomicrographs of major quartz  types and f in e -g ra in e d  
rock fragm ents.
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Quartz P etro logy
Krynine ( I 9U0 ) has proposed a c la s s i f ic a t io n  of quartz  g rains 
found in  sedim ents from which one may deduce the na tu re  of th e  source 
a re a . Folk ( I 96I ,  pp. 68-71) m odified th is  somewhat and h is  v e rsio n  i s  
used h e re . D if fe re n tia t io n  of quartz  types i s  based on g ra in  shape, 
s t r a in  shadows, in c lu s io n s , vacuoles and simple versus composite 
g ra in s . T h e o re tic a lly  c e r ta in  quartz g ra in s  are  c h a ra c te r is t ic  o f 
p a r t ic u la r  sou rces. Volcanic quartz  i s  c le a r  and ch a rac te rized  by i t s  
b ipyram idal shape. P lu to n ic  quartz  (P la te  1 , F ig . 1) derived  from 
b a th o li th s  and stocks occurs as simple g ra in s  con ta in ing  a few in c lu ­
sio n s and vacuoles and showing s l i g h t  i f  any s t r a in  shadows. Vein 
quartz  (P la te  1 , F ig . 2) c o n s is ts  of composite g ra in s which have close 
o p tic a l  o r ie n ta t io n , many vacuoles and in c lu s io n s . Quartz from meta­
morphic rocks i s  d iv ided  in to  th ree  c a te g o r ie s , r e c ry s ta l l iz e d  metamor­
phic q u a rtz , sc h is to se  quartz  and s tre tc h e d  metamorphic q u a rtz . 
R e c ry s ta lliz e d  metamorphic quartz  (P la te  1 , F ig . 3 ) g rains are  composite 
and show l i t t l e  s t r a in ,  because r e c r y s ta l l iz a t io n  destroys previous 
s t r a in  shadow and, u n le ss  s t r e s s  i s  subsequent to  r e c r y s ta l l iz a t io n ,  no 
s t r a in  shadows w i l l  be p re se n t. D iffe rin g  o p tic a l o r ie n ta tio n  of the 
o r ig in a l  sedim entary g ra in s gives the r e c ry s ta l l iz e d  metamorphic com­
p o s ite  g ra in  a mosaic appearance. In d iv id u a l g ra in  boundaries are  n o t 
su tu red  or c re n u la te d . S ch isto se  quartz  (P la te  1 , F ig . k) i s  charac­
te r iz e d  by ra th e r  elongate or p la ty  g ra in s  r e s u lt in g  from l i t - p a r - l i t  
in je c t io n  o f quartz  between cleavage p lanes of micaceous s c h is t .
G rains are  composite and show l i t t l e  s t r a i n .  S tre tch ed  metamorphic
3?
(P la te  1 , Figo 5) quartz r e s u l t s  from shearing  of quartzose rocks 
w ithou t r e c r y s ta l l i z a t io n  of the quartz  * The re s u lt in g  quartz i s  com­
monly composite w ith  su tu red  In d iv id u a l g ra in  boundaries and d isp lay s 
marked s t r a in  shadows« Composite g ra in s  th a t  f r a c tu re  and d is in te g ra te  
along the  boundaries of th e  o r ig in a l  g ra in s  produce simple g ra in s  th a t  
a re  d i f f i c u l t  or im possib le to  t e l l  from o ther types of quartz»
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Figure 12. P ercen t of major quartz  types in  no rthern  and southern
beach sand . Three standard  d ev ia tio n s  of p e rcen t p lo tte d  
on e i th e r  s ide  of th e  a r ith m e tic  mean.
Southern beaches are  composed of abundant amounts of composite 
qu artz  g ra in s  and thus can be c l a s s i f ie d  w ith  reasonable assurance. 
F igure  12 i l l u s t r a t e s  the  p ercen ts  of each quartz  type found in
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southern  beach sands* More than 0̂% of the quartz  was derived  from 
metamorphic rocks o r from quartzose rocks which have been s tra in e d  or 
re c ry s ta ll iz e d *  The quartz  alone shows th a t  the  source area  was in  
p a r t  metamorphic* P lu to n ic  quartz  suggests a source of s i l i c i c  in t r u -  
s iv e  rocks perhaps in  a s so c ia tio n  w ith  quartz  veins*
T h e o re tic a lly , th e  follow ing geologic h is to ry  of the Klamath 
Mountains can be deduced by a n a ly s is  of quartz  types alone* The r e -  
c ry s ta l l iz e d  metamorphic quartz  in d ic a te s  th a t  a t  some tim e quartzose 
sands and s i l t s  were deposited* This may a lso  be in fe r re d  from the 
s tre tc h e d  composite metamorphic q u a rtz . P lu to n ic  rocks were emplaced 
as evidenced by v e in  and p lu to n ic  quartz* At the same time the se d i­
ments were fo ld ed  and metamorphosed thus producing the metamorphic 
quartz  types from th e  o ld er sediments* This h i s to r i c a l  deduction 
based on quartz  types compares favorab ly  w ith  Baldwin®s (1959) h i s ­
to r i c a l  in te rp r e ta t io n  of the Klamath Mountains* Of course the  
h is to ry  i s  sketchy b u t i t  p o in ts  out th a t  the a n a ly s is  of quartz types 
i s  a u se fu l to o l in  determ ining the natu re  of source areas*
Quartz types from n o rthern  sand, southern  sand and T e r tia ry  se d i­
mentary rocks may in d ic a te  th e  o r ig in  of northern  sand and T e r tia ry  
sandstones* Most p re se n t workers consider th a t  th e  Klamath Mountains 
were a major source f o r  the T e r tia ry  sedim entary rocks to  th e  north* 
Assuming th a t  q u artz  p re se n tly  being derived  from th e  Klamath Mountains 
i s  s im ila r  to  th a t  deriv ed  during  T e r tia ry  tim e, then quartz  types 
from sou thern  sand should be s im ila r  to  quartz  types found in  T e r tia ry  
sedim entary rocks* Chi square t e s t s  were run comparing percen ts  of 
each q u artz  type from samples of southern  sand and T e r tia ry  sandstones*
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The p ro b a b i l i ty  th a t  quartz  types from the  two s e ts  of samples are 
p ro p o rtio n a te ly  th e  same i s  le s s  than .001* I f  the  Klamath Mountains 
were a common source then a much more fav o rab le  comparison would be 
expected* On th e  b a s is  of quartz  types then , the  Klamath Mountains 
were not a major source fo r  th e  T e r tia ry  sedim entary ro ck s .
S ev era l T t e s t s  (Folk , I 96I ,  p . 5?) comparing t o t a l  quartz  con­
te n t  of samples from southern  beach sand, northern  beach sand and 
T e r tia ry  and Mesozoic sandstones show th a t  the  southern beach sand has 
an abnorm ally low quartz  con ten t when compared to  th e  o ther a re a s . 
D ilu tio n  of southern  beach sand by rock fragm ents causes the low quartz 
p e rc e n t. Quartz types in  no rthern  beach sand compare fav o rab ly  w ith  
those found in  T e r tia ry  sandstones bu t do not c o r re la te  w ith southern 
beach sand quartz  ty p es . Thus, the  no rthern  beach sand i s  derived  from 
T e r t ia ry  sandstones along the  north  c o a s t.
F e ld sp ar P etro logy
Southern beach sands con ta in  less  than 10^ fe ld sp a r  (F ig . 10 ). 
Roundness determ inations (Powers, 19?3) show th a t  the  fe ld sp a r  i s  sub- 
angu lar to  subround. W eathering i s  s l ig h t  and most g ra in s  appear 
f r e s h .  Both o rth o c la se  and p la g io c la se  are  p re se n t b u t o rthoclase  
i s  more abundant by a r a t io  of about 3 to  2. Northern beach sands con­
ta in  approxim ately 30% subangular to  subround, f re sh  fe ld s p a r . Ortho­
c la se  i s  n e a rly  tw ice as abundant as p la c io c la s e .
The a v a i la b i l i ty  of fe ld sp a r  in  low grade metamorphiç and se d i­
mentary rock te r r a in s  i s  thought to  be very  l im ite d  (Folk , I 96I ,  p . 80; 
P e t t i jo h n ,  1957, p . 513). Low grade metamorphic and sedim entary rocks
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c o n s t i tu te  th e  Klamath Mountains and sedim entary rocks make up most of 
th e  Coast Range Mountains* However the  Klamath Mountains do have gran= 
i t i c  stocks and u l t r a b a s ic  in tru s iv e s  and th e  Coast Range Mountains have 
b a s a l t i c  v o lcan ic  ro ck s. These rock types could co n trib u te  fe ld sp a r  to  
sedim ents along th e  c o a s t. In  the  Klamath Mountains the g ra n it ic  stocks 
and u l t r a b a s ic  in tru s iv e s  co n trib u te  l i t t l e  fe ld sp a r  because they  are 
sm all. The h igh  re s is ta n c e  of the  vo lcan ic  rocks in  no rthern  Oregon 
appears to  minimize the amount of fe ld sp a r  derived  from them. Thus 
fe ld s p a r  co n ten t of no rthern  and southern  beach sands should be low be­
cause of th e  low grade metamorphic and sedim entary source ro ck s.
N eith er Folk nor P e tt i jo h n  s ta te  what percentage c o n s titu te s  a sm all 
amount b u t an upper l im i t  of 10^ would seem to  be a reasonable f ig u re . 
The fe ld s p a r  con ten t of sou thern  beach sand is  below 10% and supports 
th e  id ea  th a t  l i t t l e  fe ld sp a r  o r ig in a ted  in  reg ions of low grade meta­
morphic and sedim entary rocks. However, no rthern  beach sands contain  
about 30% f e ld s p a r . Reasons f o r  the  high fe ld sp a r  content must l i e  in  
the  m ineralogy and physiography of the  source a re a . Samples of th re e  
T e r tia ry  sandstones were analysed p e tro g ra p h ic a lly  and found to  con­
ta in  20 to  30% of f r e s h , angu lar fe ld s p a r . On th e  b as is  of fe ld sp a r  
con ten t and fre sh n ess  the no rthern  beach sands have as th e i r  c h ie f  
source the  T e r tia ry  sedim entary rocks of the Coast Range Mountains.
The reasons fo r  the  good p re se rv a tio n  o f the  fe ld sp a r  w il l  be d iscussed  
l a t e r  in  th i s  s e c tio n . F eldspar found in  Mesozoic sedim entary rocks i s  
m oderately to  h ig h ly  w eathered. Southern beach sands con ta in  q u ite  
f re s h  f e ld s p a r .  On the  b a s is  of fre sh n ess  i t  i s  u n lik e ly  th a t  f e ld ­
sp a r p re sen t i n  southern  beach sands was derived  from Mesozoic
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sedim entary rocks or th e i r  metamorphic coun terpartso  Volcanic and 
p lu to n ic  igneous rocks of th e  Klamath Mountains must fu rn ish  what 
l i t t l e  f e ld s p a r  i s  found in  sou thern  beach sand*
C lim atic and physiographic s ig n ific a n c e  of fe ld sp a rs
The use of fe ld sp a r  as an in d ic a to r  of clim ate and physiography 
has been proposed (K rynine, 193?)* Under warm humid c lim a tic  condi­
tio n s  fe ld sp a r  w eathers very ra p id ly  u n less r e l i e f  in  th e  source area  
i s  s u f f i c ie n t  to  promote ra p id  erosion  and b u r ia l  so th a t  w eathering 
does not run i t s  f u l l  course* C oastal Oregon has an average r a in f a l l  
of 65 to  90 inches a y ea r, most of which f a l l s  between October and 
March. Temperatures vary from about UÔ  F* in  January to about 60° F* 
in  August* Using the  Koppen system o f c lim a tic  c la s s i f ic a t io n ,  the 
c lim ate  i s  ch a ra c te riz ed  as Csb, in  which C rep resen ts  mesothermal,
8 re p re se n ts  summer dry and b in d ic a te s  a median tem perature w ith in  C 
(Cooper, 1958, p* 11“13)® These cond itions should promote rap id  
w eathering of fe ld sp a r*  However, the Klamath and Coast Fange Mountains 
r i s e  r a th e r  s te e p ly  a t  or n ear the  coast* This may r e s u l t  in  p re s e r ­
v a tio n  of fe ld s p a r  i f  th e  e f f e c t  of r e l i e f  i s  g re a te r  than  th e  e f f e c t  
of c lim a te . F eldspar from n o rth ern  beach sand in d ic a te s  th a t  r e l i e f  i s  
th e  g re a te r  fac to r*  Both o rth o c la se  and p lag io c la se  fe ld sp a rs  found in  
n o rthern  beach sands are  f re s h  and subangular to  sub round* In  to ta l  
fe ld s p a r  p e rce n t the  n o rth ern  beach sands are no t s ig n if ic a n t ly  
d i f f e r e n t  from th e ir  major source rock , th e  T e r tia ry  sandstones* 
Although th e  fe ld sp a r  has gone through a t  l e a s t  two e ro sio n  cy c le s , 
i t s  f a i r l y  f r e s h , angular con d itio n  has been p reserved . T herefore, th e
ho
r e l i e f  o f the  Coast Range Mountains i s  g re a t enough to  cause 
s u f f i c ie n t ly  rap id  e ro sio n  and b u r ia l  to  o f f s e t  th e  w eathering e f f e c t  
of th e  warm humid c lim a te .
Along th e  southern  coast the Klamath Mountains should produce a 
s im ila r  s i tu a t io n .  F eldspars found in  southern beach sand a re  a lso  
f a i r l y  f re s h  and subangular to  subround, I t  has been pointed out 
p rev io u sly  th a t  these  fe ld sp a rs  could not have come from the Mesozoic 
sedim ents b u t must have o rig in a ted  in  the p lu to n ic  and vo lcanic rocks 
in  the  Klamath M ountains, Southern beach sand fe ld sp a rs  are  prim ary.
I f  w eathering has been e f f e c t iv e ,  then  p lag io c la se  should be more 
h igh ly  weathered than o rth o c la se . Both types of fe ld sp a r  are  w eather­
ed to  approxim ately the  same degree. T herefore, erosion  produced by 
r e la t iv e ly  h igh  r e l i e f  has been more e f fe c tiv e  th an  w eathering pro­
duced by th e  warm humid c lim a te .
P o ss ib le  sources of T e r tia ry  sandstones as in d ic a ted  by fe ld sp a r  
p e tro lo g y
Most p re se n t workers b e liev e  th a t  Mesozoic rocks of the  Klamath 
Mountains were a major source fo r  the  T e r tia ry  sedim ents in  the Coast 
Range M ountains, Southern beach sands are  derived  c h ie f ly  from th e  
Klamath Mountains and th e re fo re  should co n ta in  fe ld sp a r  which i s  
s im ila r  to  th a t  found in  th e  T e r tia ry  sandstones. The t o t a l  fe ld sp a r  
co n ten t of samples of southern  beach sand and T e r tia ry  sandstones was 
compared by means of a T t e s t  (Folk , 1961, p , 57)» The p ro b a b ili ty  
th a t  th e  t o t a l  fe ld sp a r  co n ten t of southern  beach samples i s  th e  same 
as th e  t o t a l  fe ld sp a r  co n ten t of the T e r tia ry  samples i s  le s s  than ,001, 
That i s ,  in  1000 samples of sou thern  beach sand, le s s  than  1 sample
kl
would co n ta in  enough fe ld sp a r  to  compare favo rab ly  w ith  the  T e r tia ry  
sam ples. A much more fav o rab le  comparison would be expected i f  the 
T e r tia ry  sandstones and southern  beach sands were derived from the same 
source . T herefo re , both  quartz  and fe ld sp a r  comparisons d ispu te  the 
claim  th a t  th e  T e r tia ry  sedim ents were derived  p r in c ip a lly  from the  
Klamath M ountains.
Another clue to  th e  p o ss ib le  o r ig in  of T e r tia ry  sandstones of the 
Coast Range Mountains may be fu rn ished  by the  com position of the fe ld=  
sp a r . Some of the  p la g io c la se  i s  f a i r l y  f re sh  and e x tin c tio n  angles 
on a lb i t e  tw ins can be determ ined. S t a t i s t i c a l l y  th e  procedure i s  n o t 
s t r i c t l y  v a l id  because i t  i s  no t p o ss ib le  to  determ ine e x tin c tio n  
angles fo r  a l l  g ra in s  seen in  a random count. However, some in d ic a tio n  
of the  m ineralogy of the  source rocks may be determ ined. About h a lf  
of th e  p la g io c la se , f re s h  enough to determine com position, i s  more 
c a lc ic  than  A^$0. P lag io c la se  of th i s  com position i s  a sso c ia ted  w ith 
b a s ic  and u l t r a b a s ic  igneous rocks. Because i t  i s  e a s i ly  weathered 
th e  source was probably  nearby. B asic and u l tr a b a s ic  igneous rocks are  
p resen t in  th e  Klamath M ountains, which a re  very near the T e r tia ry  sand- 
s to n e s . On th e  b a s is  o f t h i s  evidence the Klamath Mountains did con= 
t r ib u te  some, b u t no t a major p a r t  of th e  sediment during T e r tia ry  time. 
Sodie p la g io c la se  and po tash  fe ld s p a r  are  a lso  p re se n t in  th e  T e rtia ry  
sandstones. These in d ic a te  a more s i l i c i c  igneous rock source.
Marked zoning of some fe ld sp a rs  in d ic a te s  th a t  some source rocks were 
hypabyssal o r vo lcan ic  in  o r ig in . From th ese  l in e s  of reasoning 
se v e ra l a d d itio n a l areas co n ta in in g  a wide v a r ie ty  o f rock types must 
have been sources f o r  th e  T e r tia ry  sedim entary rocks.
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Fine Grained Rock Fragments
Some of the  most abundant c o n s titu e n ts  of southern beach sand 
are  dark , f in e  g ra in ed , s i l ic e o u s  rock fragm ents of doubtfu l origin*
I t  i s  t h i s  type of rock fragm ent th a t  gives southern  beaches th e i r  dark 
c o lo r . S everal v a r ie t ie s  are  p re se n t and th e re  appear to  be t r a n s i ­
tio n s  among them a l l .  The most abundant v a r ie ty  i s  very  f in e  grained 
and gray w ith  l i t t l e  d is t in c t io n  between g ra in s  and m atrix . In  most 
cases no d i s t in c t  g ra in s  are  v is ib le  and the fragm ents appear as a sub­
dued gray mosaic of what appears to  be quartz (P la te  1, F ig . 6 ) . X=ray 
p a tte rn s  from th is  v a r ie ty  show the presence of quartz  or c h e r t , chlo<=̂  
r i t e ,  fe ld s p a r  and sm all amounts of b i o t i t e .  This composition suggests 
th a t  the rock i s  a metamorphosed f in e  grained  s il ic e o u s  sedim ent.
Where g ra in s  and m atrix  a re  d is c e rn ib le , very minute g ra in s of quartz 
occur in  a m atrix  of c lay  which g en e ra lly  shows a high degree of a l t e r ­
a t io n  to  c h lo r i t e .  Where d i f f e r e n t ia t io n  of g rains and m atrix  can not 
be made the  rock fragm ents appear ch e rty . Some of the dark m a te r ia l 
i s  c h e r t  but most of i t  i s  a f in e  grained s il ic e o u s  sediment which has 
undergone some metamorphism. Two o th er v a r ie t ie s  show g ra in s  and 
m atrix  which a re  r e a d i ly  d is c e rn ib le . The d iffe ren ce  among these l i e s  
in  th e  m atrix  m a te r ia l .  One con ta in s minute quartz  g ra in s  in  a b lack  
m a trix . This i s  probably  a more carbonaceous fa c ie s  of the f in e  
grained  sedim ent. The o th er v a r ie ty  con ta in s s im ila r  g ra in s b u t has a 
red  m atrix  because of the  presence of i ro n . Both v a r ie t ie s  show 
s c h is to s i ty .
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The f in e  g rained  gray rock  fragm ents occur in  sedim ents younger 
than  l a t e  J u ra s s ic .  At S is te r s  Rocks th e  seaward p innacle i s  in  p a r t  
composed o f f in e  g ra ined , s il ic e o u s  m a te r ia l mapped as the e a r ly - la te  
J u ra s s ic  G alice Formation (Geologic Map of Western Oregon, 1961).
Here th e  e a r ly  Cretaceous Days Creek Formation l i e s  uneonformably on 
th e  G a lice . Fragments of th is  rock type are  found in  the e a r ly  Cre­
taceous Days Creek Formation and the very  l a t e  Ju ra ss ic  R iddle F or­
m ation. None were seen in  the an a ly s is  of T e r tia ry  sedim entary ro ck s. 
T herefore , th e  fragm ents were eroded from p re la te  Ju ra s s ic  metamor­
phosed rocks and deposited  in  th e  Cretaceous sedim ents. Thus the  rock 
fragm ents found in  beach sand come from not only th e  metamorphosed p re ­
la te  J u ra s s ic  ro ck s , b u t from Cretaceous rocks of the Klamath Mountains 
as w e ll .
The d ark , f in e  grained  rock fragm ents found in  beach sand are 
metamorphosed sediments and c h e r t .  There i s  g radation  between the  
v a r ie t ie s  in d ic a tin g  th a t  they  rep resen t various fa c ie s  of the same 
rock ty p e . Chert may be in terbedded  w ith these f a c ie s .  A more c r i t ­
i c a l  study  of the Mesozoic rocks i s  needed to  determ ine p o s i t iv e ly  the 
above re la t io n s h ip s .
Sedim entary Rock Fragments
Between 5 and 10^ o f th e  southern  beach sand is  composed of 
sedim entary rock fragm ents. The n o rth em  beach sands have about 2% 
sedim entary rock fragm ents. M atrix  and g ra in s w ith in  each fragment 
a re  c le a r ly  v is ib le ,  and in  most fragm ents the m atrix  shows some 
a l t e r a t io n  to  c h lo r i te .  G rains a re  f in e ,  ang u lar to  subangular q u a rtz ,
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f e ld s p a r  and f in e  g rained  metamorphic rock fragm ents of chert*
Fragments of f in e  grained  metamorphic rock or ch e rt are found in  
a l l  th in  se c tio n s  of rocks except those of the  la te  Ju ra s s ic  Dothan 
Form ation. G rains of th i s  rock type a re  p resen t in  th e  sedimentary 
rock fragm ents found in  th e  beach sand* T herefore , the sedim entary 
rock fragm ents must be p o s t - la te  Ju rass ic*  T e r tia ry  sedim entary rocks 
a re  no t r e s i s t a n t  enough to  have produced the sedim entary rock f ra g ­
ments. Thus, r e s i s t a n t  very  l a t e  J u ra s s ic  and Cretaceous sedim entary 
rocks must produce the sedim entary rock fragments*
From th e  presence of th ese  rock fragments in  no rthern  beach sand 
i t  i s  ev iden t th a t  e i th e r  they  have w eathered from the  T e rtia ry  sedi= 
m entary rocks o r  have been tran sp o rted  northward from th e  southern 
beach sand* These rock fragm ents could no t w ithstand  two erosion  
cycles and th e re fo re  probably  d id  not o r ig in a te  in  th e  T e rtia ry  rocks* 
The sedim entary rock fragm ents must have been tran sp o rted  no rth  from 
the  reg ion  of southern  beach sand*
Q uartz-E p ido te-C h lo rite  S ch is t 
Rock Fragments
A sm all amount of q u a r tz -c h lo r ite -e p id o te  s c h is t  rock fragments 
occur in  southern  beach sand* These rock fragm ents come from th e  
metamorphosed rocks of the Klamath Mountains* Very sm all amounts of 
th ese  rock fragm ents are  p re se n t in  n o rthern  beach sands, in d ic a tin g  
th a t  some northward l i t t o r a l  d r i f t  does occur*
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Igneous Rock Fragments
For the  most p a r t  igneous rock types occur as b a s a l t ic  vo lcan ic  
rock fragm ents w ith  minute l a th - l ik e  p lag io c la se  in  a brown ground- 
mass, These comprise le s s  than  10^ of southern beach sand and only a 
few p e rcen t of no rthern  beach sand. In  both  cases th e  fragm ents o rig ­
in a te  in  vo lcan ic  rocks found in  the two source a rea s .
T ran s itio n  Zone
As p rev io u sly  po in ted  out beach sand from Cape Blanco, w ith in  
the  reg ion  of southern sand, i s  te x tu ra l ly  t r a n s i t io n a l  between nor­
th e m  and southern  sand (F ig , 1 0 ), The o v e ra ll m ineralogy of Cape 
Blanco sand i s  a lso  t r a n s i t io n a l  (F ig , 10), The n e t d ire c tio n  of 
l i t t o r a l  d r i f t  i s  southward because Cape Blanco i s  south of the Ter- 
tiary-M esozoic l i th o lo g ie  co n tac t and because the mineralogy i s  more 
l ik e  n o rth ern  than sou thern  sand.
M ineralogy as an In d ic a tio n  of L i t to r a l  D r if t
T h e o re tic a lly  along a co ast where prominent headlands and sh o rt 
narrow beaches occur, and where l i th o lo g ie s  change along the c o a s t, 
th e re  should be d iffe re n c e s  in  m ineralogy from one beach to  th e  o th er. 
I f  l i t t o r a l  d r i f t  i s  pronounced enough to  mix the  sands, th is  w i l l  pro- 
duce a uniform  m ineralogy along much of th e  c o a s t. I f  m ineralogy i s  
determ ined w ith  re sp e c t to  phi s iz e s ,  then  th e  s iz e  a t  which l i t t o r a l  
d r i f t  beg ins can be determ ined. The southern  Oregon co as t has ra th e r  
s h o r t ,  narrow beaches, prominent headlands and l i th o lo g ie  changes
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p a r a l l e l  to  the  c o a s t. M ineralogy of each ph i s iz e  was determined fo r  
s ix  beaches along O r e g o n s o u t h  coast and ch i square t e s t s  were run 
to  compare th e  m ineralogy of ad jacen t beaches. A p ro b a b ili ty  of «02$ 
was chosen as the l im i t  of c o r re la t io n . Favorable comparisons are  
found in  th e  m ajo rity  of cases a t  s iz e s  sm aller than o$0 (F ig . 13).
Beaches Beaches
HB Pb GB HUB HB Fb Rb GB HUB
0 .5 2 .0
o- o
1.5 o-
2.5
F igure 13. Chi square t e s t s  of ph i s iz e  m ineralogy. S o lid  l in e s  
in d ic a te  fav o rab le  com parisons.
Only th re e  beaches have fav o rab le  c o rre la tio n s  above 10 and these a re  
lo c a ted  near r iv e r  mouths where sedim ents c a rr ie d  in  by the r iv e rs  
cause fav o rab le  com parisons. Sediments a t  Humbug Mountain show co r­
r e la t io n  w ith G ull Beach sands only in  s iz e s  sm aller than 1.50* 
Therefore s iz e s  la rg e r  than 20 do not m igrate around Humbug Mountain, 
which extends h a lf  a m ile out to  sea .
Because fav o rab le  c o r re la tio n s  were found in  the m a jo rity  of 
cases below .50 l i t t o r a l  d r i f t  begins a t  10 except where very la rg e  
headlands prevent i t .  At s iz e s  of about 1 .50  and sm aller l i t t o r a l
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d r i f t  i s  v ery  pronounced and below 2^ mixing of sand i s  complete»
Having e s ta b lish e d  th e  s iz e  below which l i t t o r a l  d r i f t  i s  pro= 
nounced, i t  may be p o ss ib le  to  determ ine the  n e t d ire c tio n  of movement 
by a s im ila r  method» Sedim entary p a r t ic le s  a re  worn down during trans= 
p o rta tio n »  T herefo re , i f  i t  can be shown s t a t i s t i c a l l y  th a t  co rre la=  
tio n s  between a ph i s iz e  from one beach and the  next lower phi s iz e  
from an ad jacen t beach are  fav o rab le , then  a n e t d ire c tio n  of movement 
may be in fe rre d »  S izes of 1»^0 and sm aller have been shown to  be 
r e la t iv e ly  mobile under the  e f f e c t  of longshore curren ts»  Using 1»?,
2 and 2»$0 s iz e s  fo r  comparison, ch i square te s ts  were run on s ix  
sou thern  beaches (F ig . 13) » A ph i s iz e  from one beach was compared 
w ith  th e  nex t lower s iz e  from th e  nex t no rthern  and southern beach»
A ll of th e  t e s t s  comparing la rg e r  s iz e s  of one beach w ith  sm aller 
s iz e s  of th e  nex t southern  beach gave good co rre la tio n »  Only h a lf  of 
th e  comparisons invo lv ing  la rg e r  southern  and sm aller northern  s iz e s  
compared favorably» Net southward l i t t o r a l  d r i f t  i s  in d ica ted  on th e  
b a s is  of th ese  te s ts»
Petrography of T e r tia ry  and Mesozoic 
Sedimentary Rocks
In tro d u c tio n
Beach sands are  derived  c h ie f ly  from rocks of the Coast Range 
and Klamath Mountains and th e re fo re  a pé trog raph ie  study of some of 
these  rocks gives an in d ic a tio n  o f the  m inerals av a ila b le  fo r  accu­
m ulation  on th e  beaches» Because comparisons are  made w ith  beach sand 
i t  seems reasonable to  study those p a r ts  of th e  form ations which are
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t e x tu r a l ly  s im ila r  to  beach sand* The fo llow ing d esc rip tio n s  do no t 
app ly  to  th e  e n t i r e  fo rm ations b u t only to  th e  medium to  coarse grained 
f a c ie s  which crop out along the  immediate coast* However, i t  i s  
assumed t h a t  these  samples are  re p re se n ta tiv e  of such fa c ie s  through­
ou t th e  form ation*
Dothan Form ation (Late Ju ra s s ic )
Medium to  coarse grained  fa c ie s  o f the  Dothan Formation are 
a rk o s ic  (Folk , 1961, p* 111) (F ig . 11). P lu to n ic  quartz  i s  the  most 
abundant quartz  type making up about 30% of the to ta l*  Vein quartz  
com prises about 15%> s tre tc h e d  metamorphic quartz 10%, and r e c r y s ta l -  
l iz e d  metamorphic quartz  $%* 30% of th e  g ra in s  are  o rth o c lase  and
p la g io c la se  fe ld s p a r , most of which show a moderate degree of w eather­
ing* V olcanic rock fragm ents c o n s ti tu te  th e  remaining 10%.
R iddle Formation (Late Ju ra s s ic )
The R iddle Formation i s  a coarse g rained , angu lar to  subangular 
impure arkose (Fo lk , 1961, p . I l l )  (F ig . 11 ). 25% of the  g rains are
P lu to n ic  q u a r tz ; 15% are  s tre tc h e d  metamorphic q u a r tz | vein  and r e ­
c r y s ta l l iz e d  metamorphic quartz  each make up 5% of the to ta l  g ra in s . 
F eldspar i s  h ig h ly  w eathered and comprises about 10%. Volcanic and 
metamorphic rock fragm ents c o n s t i tu te  about 15% each.
Days Creek Formation (E arly  Cretaceous)
Medium to  coarse g rained  fa c ie s  of the Days Creek Formation are  
f e ld s p a th ic  graywackes (Folk , I 96I ,  p . I l l )  (F ig . 11 ). G rains are  
an g u lar to  subangular. R e c ry s ta lliz e d  metamorphic quartz  i s  th e  most
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abundant quartz  ty p e , com prising 1$% o f a l l  the g ra in s . P lu to n ic  and 
s tre tc h e d  metamoiphic quartz  each account fo r  10^ of the  t o t a l  g ra in s . 
A few g ra in s  of vein  quartz  a re  p re se n t. M oderately to  h igh ly  weather- 
ed o rth o c la se  and p la g io c la se  fe ld sp a r  composes about 20%o Volcanic 
rock fragm ents make up 10%; most are  b a s a l t i c .  The remaining g rains 
a re  predom inently metamorphic rock fragm ents. Fine grained metamor­
phic rock fragm ents s im ila r  to  those in  southern  beach sand are  most 
abundant.
Tyee Formation (Middle Eocene)
The Tyee Formation i s  a medium to  coarse grained arkose (Folk , 
1961, p . I l l )  (F ig . 1 1 ) . Approximately 3̂ % of th e  g ra ins are  p lu ton ic  
q u a r tz . A few p ercen t a re  r e c ry s ta l l iz e d  metamoiphic q u a rtz . Ortho= 
c la se  and p la g io c la se  f e ld s p a r ,  in  about equal amounts, make up 30% 
of th e  g ra in s . F e ld sp ars range from f re s h  to  deeply w eathered. Vol= 
canic and metamorphic rock fragm ents c o n s titu te  about 1S% of the 
g ra in s •
Coaledo Formation (Late Eocene)
The Coaledo Formation i s  a coarse grained , an g u lar, bimodal 
arkose (Folk, I 96I ,  p . I l l )  (F ig . 11 ). P lu to n ic  quartz  makes up about 
h a l f  of th e  g ra in s . A few p e rcen t of v e in , r e c ry s ta l l iz e d  metamorphic 
and s tre tc h e d  metamorphic quartz  are  a lso  p re se n t. O rthoclase and 
p la g io c la se  c o n s t i tu te  about 2^%. Some of the  fe ld sp a r  i s  d is t in c t ly  
zoned. F resh and h ig h ly  a l te r e d  fe ld s p a r  occur in  approxim ately equal 
amounts. V olcanic rock fragm ents make up 20^ of the g ra in s . A few 
f in e  g rained  metamorphic rock fragm ents were seen .
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Tunnel P o in t Formation (Middle Miocene)
The Tunnel P o in t Formation i s  a f in e  grained arkose (Folk , I 96I ,  
p . I l l )  (Fig* 11)0 Quartz i s  angular and the  g re a te s t  percentage i s  
P lu to n ic  quartz  w ith  a few p e rce n t of v e in , r e c ry s ta l l iz e d  metamorphic 
and s tre tc h e d  metamoiphic q u a r tz . Approximately 30^ of the  g ra in s  are  
o r th o c la se  and p la g io c la se  fe ld spar*  O rthoclase i s  th e  most abundant 
and comprises about 20f of th e  g ra in s . A lte ra tio n  of fe ld sp a rs  i s  
only s l ig h t  except f o r  a few h ig h ly  a l te r e d  p lag io c la se  g ra in s . Rock 
fragm ents c o n s t i tu te  approxim ately 10#, most of which are  volcanic* 
Very sm all p e rcen ts  of b i o t i t e ,  hornblende and z ircon  were a lso  noted.
D e tr i ta l  Heavy M inerals
Heavy m ineral s u ite s  from n o rth em  and southern beach sands are 
composed predom inantly of u n s tab le  m inerals (Table 3)* Tourmaline i s  
the only s ta b le  major d e t r i t a l  heavy m ineral in  southern  beach sand. 
Almandite and tourm aline are the  major s ta b le  heavy m inerals in  n o rth -  
em  beach sand. There i s  a marked s im i la r i ty  between heavy m ineral 
s u i te s  from the  two a re a s . A ug ite , hornblende, tourm aline, m agnetite 
and ep ido te  a re  major c o n s titu e n ts  of bo th  northern  and southern beach 
sand. This p o in ts  out th a t  l i t t o r a l  d r i f t  proceeds north  as w ell as 
south  because such an u n stab le  s u i te  could n o t have come from th e  re= 
worked sediments which produce th e  no rth ern  beach sand® O livine and 
se rp e n tin e , which a re  very  u n s tab le  m in e ra ls , a re  p resen t in  southern 
beach sand b u t absen t from n o rth ern  beach sand. Almandite, a very 
s ta b le  m in e ra l, i s  p resen t in  la rg e  amounts in  northern  beach sand but
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p re se n t in  only  sm all amounts in  sou thern  beach sand»
Angular euhedral and w ell rounded g ra in s  of brown tourm aline 
co n ta in in g  carbonaceous in c lu s io n s  are  p re sen t in  both n o rthern  and 
southern  beach sands* The two d i s t i n c t  shapes in d ic a te  two sources* 
Krynine (19U6, p* 69) s ta te d  th a t  brown tourm aline con tain ing  carbon­
aceous in c lu s io n s  i s  c h a r a c te r i s t ic  of sediments derived  from low 
grade metamorphic rocks* The euhedral g rains must be derived  from 
low grade metamorphic rocks of the Klamath Mountains* The w ell rounded 
tourm aline g ra in s  probably  come from the  T e r tia ry  sedim entary rocks of 
th e  Coast Range Mountains which were in  p a r t  o r ig in a l ly  low grade meta- 
morphic rocks of th e  Klamath Mountains*
Heavy M ineral N orthern Sands Southern Sands
Opaques VA VA
Tourmaline VA VA
Hornblende VA VA
Augite A A
Epidote VA VA
Almandite VA R
O liv ine R A
S erpentine R A
R u tile R R
Zircon R R
A p atite R R
Table 3 . R e la tiv e  amounts of major heavy m inerals as determined 
by rough v is u a l  estim ate*
VA “ very  abundant A = abundant R ° ra re  
Conclusions Based on M inéralogie A nalysis
Two d if f e re n t  source a reas  along th e  Oregon co ast produce beach 
sands which a re  te x tu r a l ly  and m in e ra lo g ica lly  d if fe re n t*  The n o rthem
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sands a re  arkoses w hile the sou thern  sands are  graywackes* The 
approxim ate boundary i s  Cape Blanco b u t th e re  i s  a t r a n s i t io n  zone be° 
tween n o rth ern  and southern  beach sand*
C la s s i f ic a t io n  of quartz  types (Folk , lp 6 l ,  pp* 68=71) i s  a u se­
f u l  to o l in  determ ining the n a tu re  of source a re a s . of the te x tu ra l ly  
submature to  mature sands* D if f ic u l t ie s  a r is e  i f  the  quartz  i s  f in e  
grained  because p a r t  of th e  id e n t i f ic a t io n  depends on th e  composite 
com position of g ra in s . Southern beach sand i s  coarse and the study of 
quartz  types gives a good in d ic a tio n  of th e  li th o lo g y  and geologic h i s ­
to ry  of th e i r  source a re a , the Klamath Mountains*
Mesozoic rocks of the  Klamath Mountains give r i s e  to  southern 
beach sand* On th e  b a s is  of quartz  ty p e s . T e r tia ry  sedim entary rocks 
were n o t derived  c h ie f ly  from Mesozoic rocks of the Klamath Mountains. 
W eathering and e ro sio n  of T e r tia ry  sedim entary rocks and Quaternary 
d ep o s its  produces most of the  beach sand along the  north  coast as in ­
d ic a te d  by comparison of q u artz  types*
R e lie f  in  th e  Klamath and Coast Range Mountains i s  s u f f ic ie n t  
to  cause ra p id  enough e ro sio n  and d ep o sitio n  to  prevent weathering of 
fe ld sp a r  even though w estern  Oregon i s  warm and humid* Feldspar in  
southern  sand i s  f i r s t  cycle w hile th a t  of no rthern  sand i s  second or 
th i r d  cy c le . The f r e s h ,  angu lar cond ition  of fe ld sp a r  in  medium to  
coarse g rained  T e r tia ry  sedim entary rocks in d ic a te s  th a t  most of i t  
could n o t have been derived  from Mesozoic sedim entary o r m etasedi- 
m entary rocks of the  Klamath Mountains* The reason fo r  th is  i s  th a t  
th e  fe ld s p a r  in  the Mesozoic rocks i s  m oderately to  h ig h ly  weathered* 
However, th e  com position of some p la g io c la se  in  T e r tia ry  sedim entary
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rocks suggests th a t  a l e a s t  p a r t  of the T e rtia ry  sedim entary rocks came 
from th e  Klamath Mountainso
M ineralogy of sand from Cape Blanco supports the previous conclu» 
sio n  th a t  th e re  i s  a t r a n s i t io n  zone between northern  and southern sand, 
This t r a n s i t io n  zone extends south of th e  l i th o lo g ie  con tac t between 
T e r tia ry  and Mesozoic rocks because o f the n e t southward l i t t o r a l  d r i f t ,  
Comparison o f phi s iz e  m ineralogy adds w eight to  the  argument th a t  the 
n e t d ir e c t io n  of l i t t o r a l  d r i f t  i s  southward. L i t to r a l  d r i f t  along the 
coast i s  most pronounced in  s iz e s  sm aller than  IÇf,
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